Introduction
The costs of most large-area energy harvesting devices and display devices have been decreasing along with the enlargement of substrates. Recently, substrate sizes have increased further. Today, substrates of meter size are being used. The cost advantage of large substrates is predicted to saturate in the near future because very large vacuum systems such as chemical vapor deposition (CVD) and large equipment needed for safety disposal will become very expensive.
We believe that a solution to this issue is the development of innovative large-area substrate processing using non-vacuum deposition. We began the development of such innovative non-vacuum deposition techniques for high-quality silicon film with our Bio Electromechanical Autonomous Nano Systems (BEANS) project in 2008. Our development target is to form silicon film using a technique that combines the ejection of silicon microparticles with non-vacuum deposition by plasma enhanced chemical transport under atmospheric pressure. [1] [2] [3] [4] Figure 1 shows a schematic of this non-vacuum deposition process.
To achieve our target, we are currently developing atmospheric-pressure plasma deposition, mist ejected uniform coating, local ambient gas control, and the integration of these techniques. 
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Silicon Microparticle Ejection Using Mist-jet Technology
Abstract
The development of a novel mist-jet technology for ejecting a water mist containing silicon microparticles is described and demonstrated. A desired pattern can be drawn successfully on a large substrate using a silicon head specially designed for highly purified mist. The demonstration was performed using water containing silicon microparticles. The ejected mist droplet diameter was observed to be approximately 2.8 μm stimulated by an ultrasonic driving frequency of We have previously reported on our development of a method for ejecting contamination-free silicon microparticles using mist-jet technology as an alternative to ink-jet technology. [6] To reduce impurities, the mist-jet head is made of silicon. Previously we used the silicon nozzle made by machining. In this paper we prepare the silicon nozzle made by wet etching. The improvement with this nozzle is reported.
Moreover the letters are drawn in silicon on a large glass substrate without any required surface treatment. We also evaluate the uniformity of the coating thickness by mist-jet ejection.
Mist-Jet Technology
As conventional ink-jet technology ejects single droplets that are large in diameter, it is difficult to coat a uniform film on a large substrate. In contrast, mist-jet technology continuously ejects a cluster of fine droplets. [5] Therefore, mist-jet technology is ideal for achieving a uniform functional film. 
Fabrication of the Silicon Head
The ejected silicon microparticles must be free from impurities since contamination degrades the performance of the functional film. We compared a stainless steel head with the silicon head.
The reflectors shown in Fig. 4 are machined from silicon and stainless steel. There are ring machining marks on the surface of the silicon reflector. Because these marks are much smaller than the wavelength in the liquid, which is 300 μm at 5 MHz, they do not affect the ejection of the mist. [6] The silicon nozzle shown in Fig. 5 is similarly made by machining. Figure 5 Figure 6 shows the result of the anisotropic wet etching. These SEM images in Fig. 5(a) and Fig. 6(a) show different shape. However, there was no specific ejection pattern at the nozzle and the mist was ejected on the whole In addition, the mist ejections of these two nozzles were examined using deionized water. Figure 7 shows the distribution of the mist droplet diameters directly measured using a laser-scattering particle size distribution measuring device. The droplet diameters were measured using the same piezoelectric element and silicon reflector by just re-placing the two nozzles.
The driving frequency of the piezoelectric element was 5
MHz. First, using the silicon nozzle made by wet etching, In the following experiments, the silicon nozzle made by wet etching was used.
Ejection of Silicon Microparticles
We examined our mist-jet technology performance us- amounts of impurities in the Si microparticles applied by mist ejection and by water drops were measured. Table 1 shows the result of the impurities in the mist-ejected silicon microparticles. The amounts of detected Fe were 1.3 ppm, 83 ppm, and 1.6 ppm, for the silicon head, stainless steel head and reference water drops, respectively. The impurities of mist ejection using the silicon head and water drops are almost same. Therefore if impurities from the raw materials and the environment can be removed, contamination of the silicon microparticles can be prevented.
As illustrated in Fig. 8 A silicon-coated substrate was prepared by mist-jet ejection on a 10 mm × 10 mm area for measuring the uniformity of the coating thickness. Figure 9 shows the surface of Figure 11 shows that the resulting thickness was 380 nm, 550 nm, 1.3 μm, 1.8 μm, and the standard deviation was 20 nm, 30 nm, 42 nm, 58 nm, respectively. These results confirmed that the silicon microparticles were uniformly coated. Figure 12 shows the relationship between the coating time and thickness. These 
Conclusion
This paper reports on the development of a novel mistjet technology for ejecting a water mist containing silicon microparticles.
The fabrication method for the silicon nozzle was changed from machining to wet etching to produce a sharp nozzle edge. This sharp edge enabled the driving voltage for mist ejection to be decreased and the driving efficiency to be improved.
The impurities in the mist ejection using the silicon head were about 1 ppm. Therefore if impurities from raw materials and the environment can be removed, contamination of the silicon microparticles can be prevented.
Using a silicon head specially designed for a highly purified mist, a desired pattern can be drawn successfully on a large substrate without any requirement for surface treatment. The uniformity of the silicon pattern was achieved to a standard deviation of 20 nm at a thickness of 380 nm.
These results confirmed that the silicon microparticles were uniformly coated.
In the near future we will form a silicon film directly on a substrate using a technique that combines the ejection of silicon microparticles with non-vacuum deposition by plasma enhanced chemical transport under atmospheric pressure.
